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© A milking plant 



© A milking plant for cows is provided with a 
milking machine comprising teat cups (2), which can 
be connected separately to the teats of an animal. 
The milk obtained from each udder quarter is con- 
veyed through a separate line (3) to a milk measur- 
ing device (4). The miik measuring device (4) in- 
cludes four milk meters (7), whose separate dis- 
charge lines (8) are coupled to a common discharge 
j^line (9) terminating in a miik cooling tank (6). The 
^milking plant further comprises a rinse line system 
(56, 57, 58, 59, 2, 3, 7, 8, 9, 60, 61) and a circular 
pjline (5), to which the discharge lines (9) of the milk 
\p measuring devices (4) are connected and which cir- 
^cular line (5) comprises the cooling tank (6). 
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A MILKING PLANT 



j: The present invention relates to a milking plant 
. for milking cows, which plant comprises teat cups 
iihat are connectable to the respective teats of a 
tow's udder, while the milk obtained from each 
lidder quarter with the aid of the said teat cups can 
be conveyed through a separate line to a milk 
measuring device. 

iifr In prior art milking plants of the above-defined 
ityji)e t the teat cups are combined in one single 
milking claw, while the buffer room in the milking 
claw, to which room the teat cups are connected 
directly, comprises four separate chambers. Via 
four separate milk hoses the milking claw is con- 
nected to a milk meter, from which the milk can be 
separated or be supplied to a milk cooling tank. 
The four-quarter milking claw has for its object to 
provide a better means to establish the health of 
the udder; the milk originating from an inflamed 
quarter has a higher conductivity than that from a 
healthy one. The electric conductivity of the milk 
can be measured for each quarter, whereafter it 
can be determined whether the milk must be sepa- 
rated or not. 

■ - Such a structure of the milking plant is not 
suitable when no use is made of one single milking 
claw, but of a milking system wherein the teat cups 
ate connected individually and independently of 
each other, e.g. by a milking robot, to the teats of 
the udder.. 

: Therefore, the invention has for its object to 
provide a milking plant which is not only suitable 
for use when one single milking daw is used, but 
also in those cases wherein the teat cups are 
connected individually and independently of each 
other. 

According to the invention, the milking plant of 
the above-defined type is characterized in that the 
milk measuring device includes four milk meters, 
whose separate discharge lines are coupled to a 
common discharge line terminating in a milk cool- 
ing tank. Due to the largely parallel structure of the 
milking system, there is effected an improved 
check on the milk production. The milk production 
can be effected from each udder quarter individ- 
ually, while the teat cups can be removed indepen- 
dently of each other; consequently, the teats will 
not be burdened unnecessarily. 

In addition, according to the invention, a milk 
meter includes a milk receptacle and a measuring 
chamber, in which connection the milk flows under 
a vacuum from the milk receptacle into the mea- 
suring chamber and is pumped in defined quan- 
tities by means of compressed air from the mea- 
suring chamber into the relevant, separate dis- 
charge line. In particular, according to the inven- 



ton, the air sucked along by the vafiuum together 
with the milk from the relevant teat* cup is sepa- 
rated therefrom in the milk meter. Consequently, 
milk containing air is passed from the teat cup into 
s the milk meter, whereas it is only the milk that is 
discharged therefrom to the milk cooling tank; in 
this respect it should be noted that so far it usually 
has been the custom to effect the milk-air separa- 
tion not earlier than in the milk cooling tank. In a 
w specific embodiment in accordance with the inven- 
tion, the milk meter is provided with a valve rod 
which, in a first position under a vacuum. leaves 
the aperture between the miik receptacle and the 
measuring chamber open. and. in a second posi- 
75 tion by means of compressed air r closes same. 
More specifically, in accordance with the invention, 
there is provided a switching element with the aid 
of which, in a first switching position thereof, the 
vacuum is applied to cause the valve rod to be 
20 brought to its first position, and. in a second 
switching position thereof, compressed air is ad- 
mitted to cause the valve rod to be brought to its 
second position. Furthermore, according to the in- 
vention, the measuring chamber is provided with a 
25 milk level sensor, by means of which it is estab- 
lished when a defined quantity of miik is contained 
therein, after which it produces a control signal to 
cause the switching element to be adjusted from its 
first position to its second position. Also, in accor- 
30 dance with the invention, the switching element 
may be adjusted from its second position to its first 
position after a fixed period of time. However, this 
might also be effected by means of a sensor which 
senses that all the milk has been pumped from the 
35 measuring chamber , or by means of a flow sensor 
provided in the line beyond a teat cup. Further- 
more, according to the invention, each time when a 
defined quantity of milk has been established in the 
measuring chamber, the milk level sensor may 
40 produce a control signal intended for a computer, 
in which the quantity of milk obtained from each 
udder quarter is recorded for each individual cow. 
In particular, the recording of this quantity and 
hence also that of the total quantity of milk ob- 
45 tained from each cow per unit of time, e.g. per- day, 
may be kept on the basis of a progressive average 
calculated over a defined number of days. 

According to the invention, the measuring 
chamber, when empty, is closed by a spherical 
so body. Preferably, this spherical body is of such a 
design that, when the milk flows from the milk 
receptacle into the measuring chamber, it floats on 
the milk contained therein. Hereby it is achieved 
that each time a predetermined quantity of miik 
contained in the measuring chamber is pumped off 
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by means of the compressed air admitted thereinto 
for the purpose. Furthermore, according to the in- 
vention, a non-retum valve is included in the sepa- 
rate discharge pipe beyond the aperture in the 
measuring chamber, which aperture can be closed 
by the spherical body. Via this non-retum valve the 
milk is passed from the measuring chamber, but 
only under the influence of compressed air. In the 
opposite direction, the non-return valve blocks any 
milk flow, which might be possible In . case the 
pressure in the relevant discharge pipes would 
exceed that prevailing in the measuring chamber in 
front of the non-return valve. This situation might 
be conceivable, since the milk is discharged from 
four milk meters to the milk cooling tank through 
the same common discharge line. The presence of 
the non-retum valve beyond the measuring cham- 
ber aperture that is closable by the spherical body 
implies that, during the milking operation, the first 
obtained, milk fills the separate discharge pipe be- 
tween the said aperture and the non-return valve, 
as a result of which, according to the invention, 
each time a cow is milked, the quantity of milk 
recorded in a computer is increased only once by 
the quantity of milk corresponding to the volume of 
the separate discharge pipe between the measur- 
ing chamber aperture that is closable by the 
spherical body and the non-retum valve. 

In order to ensure the admission of com- 
pressed air via the measuring chamber Into the 
discharge lines, in particular when these lines must 
be cleared of milk thereby e.g. In connection with a 
subsequent rinsing procedure, in accordance with 
the invention, the milk meter is provided with a 
lifting magnet which, by moving the spherical body, 
has for its object to establish a connection between 
" the closed measuring chamber and the discharge 
, lines. 

According to the invention, each milk meter of 
T the milk measuring device is provided with a milk 
' conductivity sensor. More in . particular, the milk 
conductivity sensor is arranged in the measuring 
chamber of a milk meter. The conductivity of the 
. milk Is a measure of the health of the udder. The 
' milk originating from an inflamed quarter has a 
higher conductivity than that from a healthy one. 
The milk originating from an inflamed quarter must 
' be separated from the rest of the milk. According 
to the Invention, a separate discharge line is pro- 
vided with a three-way valve, through which the 
milk pumped from a relevant milk meter is either 
discharged into the common discharge line or. after 
it has been found that the milk originates from an 
Inflamed quarter. Into a receptacle specially pro- 
vided for the purpose. This three-way valve may be 
operated automatically as soon as a relevant milk 
conductivity sensor has measured a conductivity 
which exceeds a preset fixed value. In a preferred 



embodiment in accordance with the invention, how- . 
ever, the milk conductivity sensor applies a control 
signal to a computer, in which rt£1s determined 
whether or not the relevant milk originates from an 
s inflamed quarter, after which, when the former ap- 
pears to be the case, the computer supplies a 
' control signal to the three-way valve in the relevant 
separate discharge line In order that the milk in 
question is discharged to the receptacle. The con- 
jo ductivity of the milk from the individual quarters 
can be compared with each other in the computer, 
whereby it is possible to establish from the spread 
in the conductivity values a potential inflammation 
of one of the quarters. Since older cows and cows 
rs in late lactation inherently have a higher milk con- 
ductivity than younger and freshly calved ones, it 
will be better not to compare deviations in con- 
ductivity to a preset fixed value, but to compare the 
deviations to the cow's own standard. i.e. to com- 
so pare the conductivity In the computer with a pro- 
gressive average determined over a number of 
days for the relevant cow. The calculation of the 
progressive average may. of course, be combined 
with the afore-mentioned calculation of the spread. 
25 According to the Invention, a milk meter is. 
provided with a tube stop valve, with the aid of 
which the vacuum connection of the milk meter can 
be closed after milking. The end of ..the milking 
procedure can be detected by means of sensors. 
30 e.g. with the aid of a milk flow sensor which may 
• be incorporated in the [ine between the teat cup 
and the milk meter or in the milk meter itself, or 
with the aid of the afore-mentioned milk level sen- 
sor. In accordance with the invention, it is likewise 
35 possible to activate the tube stop valve after a 
milking period of a duration laid down in a com- 
puter, e.g. on the basis of the number of times the 
measuring chamber has been emptied, has ended, 
i.e. by applying thereto a control signal supplied by 
40 the computer. In a specific embodiment, the tube 
stop valve includes a lifting mechanism to allow air 
to flow into the milk meter simultaneously with or 
immediately after closure of the vacuum connec- 
tion of the measuring chamber. This can be effec- 
45 ted with a certain amount of overpressure; a sim- 
pler method is to have the lifting mechanism be 
operated, in accordance with the invention, by a 
valve in the outer wall of the milk meter. The tube 
stop valve in accordance with the Invention renders 
so it possible, in a simple manner, to remove the 
vacuum in a teat cup before the teat cup js re- 
moved from the teat or drops down therefrom. 

The milking plant is provided in customary 
manner with a vacuum pump having, a vacuum 
ss balance tank to increase the vacuum stability. For 
larger plants in particular, preferably, the pump and 
the balance tank are arranged remote from each 
other and the balance tank is positioned close to 
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tihjB milking parlour. The balance tank has a plural- 
ity :of. vacuum connections: for each milk measuring 
. device four connections for the vacuum connection 
of rthe individual milk meters, four connections for 
the Valve rod control in each milk meter and a 
connection for an electronic pulsator system for the 
foiir teat cups. A separate pulsator may be pro- 
vided for each teat cup. The suction-rest ratio in 
the pulsator system may be adjustable, i.e. that for 
the rear quarters may be adjusted independently of 
that for the front quarters. According to the inven- 
tion. 1 the suction-rest ratio can be set by a com- 
puter in dependence on the milk flow. When the 
milk flow decreases, it will be possible to adjust a 
comparatively longer rest. This contributes to a 
reduction in the burdening of the teats, which is of 
the utmost importance when the animal is milked 
several times a day. According to the invention, a 
throttle ring is included in the vacuum connection 
from the balance tank to a milk meter. This ring 
prevents, should one of the teat cups fail from a 
teat, fluctuations from occurring in the prevailing 
Vacuum and more particularly in the vacuum in the 
other teat cups. So as to ascertain whether a 
Vacuum Is present in a milk meter, in accordance 
with the invention, there is provided an air flow 
sensor in the vacuum connection between the 
throttle ring and the milk meter. 

In the situation wherein the four teat cups are 
incorporated In one single milking claw, the claw 
housing, whether or not divided into four compart- 
ments, constitutes a buffer room for the milk trans* 
port and for counteracting fluctuations in the vacu- 
um under the teats to which the teat cups are 
connected. In order to obtain the same result in the 
situation wherein the teat cups are not incorporated 
in one single milking claw, but are connected to an 
associated milk meter which is in a relatively more 
remote position, in accordance with the invention, a 
teat cup is provided with such a buffer room at its 
lower end. In particular, this buffer room for the 
milk transport is in connection with the outer air via 
an air suction aperture, in connecting the teat cups, 
it is optionally possible, in order to facilitate this 
connection, to employ an increased vacuum, al- 
though in that case more air is sucked in. 

It must be possible for the milk line system to 
be rinsed after milking. In accordance with the 
invention, for this purpose there is included in the 
common discharge line a three-way valve, through 
which in a first position thereof the milk is passed 
via the common discharge line to the milk cooling 
tank, whilst in its second position the three-way 
valve establishes a rinse line system. In particular, 
the rinse line system includes a rinse jetter which, 
with the object of flushing the lines, is connected to 
a teat cup, while a rinsing fluid is passed by the 
vacuum in a milk meter from a rinsing fluid con- 
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tainer through a first rinsing line to the rinse letter 
and from there, via a teat cup. into the relevant 
milk meter, whereafter the rinsing fluid is returned 
through the relevant separate discharge line, the 

s common discharge line, the three-way valve incor- 
porated therein, and a second rinsing line to the 
rinsing fluid container. Prior to rinsing, all the milk 
must first have been forced from the lines to be 
rinsed, in particular all the milk present in the 

io common discharge line must have been forced 
through the three-way valve incorporated therein. In 
order to be able to establish that this has been 
done Indeed, according to the invention, an air-milk 
sensor Is provided in the common discharge line in 

is front of the three-way valve incorporated therein. 

Furthermore, in accordance with the invention, 
a heat exchanger is provided in the common dis- 
charge line in front of the three-way valve incor- 
porated therein as a pre-cooling device for the milk 

20 cooling tank. 

In accordance with the invention, the milk cool- 
ing tank may be included in a circular line, to which 
the common discharge lines of the individual milk 
meters are connected. More generally, therefore. 

25 the invention relates to a milk measuring system 
for milking cows, which system comprises a milk 
cooling tank, characterized in that this milk cooling 
tank is included in a circular line, the discharge 
lines of the individual milk meters being connected 

30 to the said circular line. In order to prevent that, 
after milking, residual milk remains in the circular 
line, in accordance with the invention, the circular 
line is provided with a pump to pump the milk from 
the milk cooling tank therethrough. Preferably, the 

as circular line should be thermally Insulated. The milk 
being circulated from the milk cooling tank, the 
means for keeping same in motion thereinside 
have become superfluous. In a preferred embodi- 
ment In accordance with the invention, the milk 

40 cooling tank is provided with a rinsing fluid supply 
line, through which, after all the milk has been 
removed from the milk cooling tank, a rinsing fluid 
can be introduced into the milk cooling tank, which 
rinsing fluid is circulated through the circular line 

45 by means of the pump. In particular, the pump can 
operate at two speeds, i.e. the milk is circulated at 
a relatively low speed and the rinsing fluid at a 
relatively high speed. Furthermore, in accordance 
with the invention, a three-way valve is incorpo- 

so rated in the circular line, by means of which the 
circulating rinsing fluid can be discharged. In order 
to perform the rinsing of the milk cooling tank in a 
most advantageous manner, in accordance with the 
invention, the milk cooling tank includes a sprayer 

55 connected to the rinsing fluid supply line; by 
mounting this sprayer in such a way that it is 
movable, so that the entire inner surface of the milk 
cooling tank can be covered thereby, an extremely 



7 



EP 0 385 539 A2 



efficient rinsing system is obtained. 

For a better understanding of the invention and 
to show how the same may be carried into effect 
reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Figure 1 shows schematically an arrange- 
ment of a milking plant for milking cows; 

Figure 2 shows a basic arrangement of the 
" milking plant in accordance with the invention; 

Figure 3 is a more detailed representation of 
1 the basic structure of a milk meter in the arrange- 
ment shown in Figure 2, and 
, Rgure 4 is a more detailed representation of 
the basic structure of a teat cup in the arrangement 
shown in Rgure 2. 

Corresponding components in the drawings 
have been denoted, .by the same reference nu- 
merals. 

Figure 1 shows a schematic arrangement of a 
milking plant for milking cows. Only two milking 
parlours are shown by way of illustration, in each of 
which a cow is present. For each milking parlour 
there is provided a milking robot 1 having four teat 
cups 2 at its end. For the matter of that the 
invention is completely independent of the manner 
in which the teat cups are connected; the teat cups 
may, combined in one single milking claw, be 
connected together as well as individually and in- 
dependently of each other to respective teats of a 
cow's udder. The milk obtained from each udder 
quarter with the aid of the teat cups 2 can be 
conveyed through a separate line 3 (see Rgure 2) 
to a milk measuring device 4. From the milk mea- 
suring device 4 the milk is conveyed via a circular 
fine 5, to which the discharge lines of the various 
milk measuring devices in the various milking par- 
lours are connected, to a milk cooling tank 6. 

The milk measuring device 4 comprises four 
milk meters 7. only one of which is shown in Figure 
2. Rgure 2 furthermore illustrates the basic ar- 
rangement of the milking plant, only one teat cup 2 
and only one milk meter 7 having been shown in 
this arrangement for the sake of simplicity. The 
individual discharge lines 8 of the milk meters 7 
are coupled to a common discharge line 9 which 
terminates in the milk cooling tank 6. Rgure 3 is a 
more detailed representation of the basic structure 
of a milk meter as is incorporated in the milking 
plant shown in Rgure 2. The milk meter 7 includes 
a milk receptacle 10 and a measuring chamber 11, 
in which connection the milk flows under a vacuum 
via the separate line 3 connected to the teat cup 2 
from the milk receptacle 10 into the measuring 
chamber 11 and is pumped in defined quantities 
by means of compressed air from the measuring 
chamber 11 into the separate discharge line 8. The 
milk meter 7 includes a valve rod 12 which, in a 
first (shown) position under a vacuum, leaves the 



aperture 13 between the milk receptacle 10 and the/ 
measuring chamber 11 open, and,, ?n v a second" 
(non-shown) position by means of compressed air, 
closes same. At its upper side, tfie milk meter 

5 includes a chamber 14, in which chamber the valve 
rod 12 has a piston 15. The valve rod 12 is capable 
of upward and downward movement in and through 
this chamber 14. In the space below the piston 15 
there is provided in the wall of the chamber 14 an 

/o aperture 16. Via this aperture 16, the milk meter 7 
is connected to a switching element 17 (see Rgure 
2). In a first position of this switching element 17, a 
vacuum is applied to cause the valve rod 12 and 
the piston 15 to be moved downwardly to its first 

75 position, thereby leaving the aperture 13 open. In a 
second position of this switching element 17, com- 
pressed air is admitted into the space below the 
piston 15 to cause the valve rod 12 and the piston 
15 to be moved upwardly to its second position, 

20 thereby closing the aperture 13. The milk meter 7 
furthermore includes a tube 18 which, via relatively 
narrow apertures 19 and 20, is connected to the 
space in the chamber 14 below the piston and to 
the measuring chamber 11. respectively. When 

25 compressed air is admitted into the space below 
the piston 15. the aperture 13 is closed , imme- 
diately and the air is forced into the measuring 
chamber 11 via the aperture 19, the tube 18 and 
the aperture 20, as a result of which the milk 

30 present in the measuring chamber 11 is passed 
into the separate discharge line 8. ^ ' 

The measuring chamber 11 is provided with a 
milk level sensor 21, by means of which it Is 
established when a defined quantity, of milk is 

35 contained therein. When the milk level in the mea- 
suring chamber 11 has reached that of . the sensor 
21, this sensor 21 supplies a control signal S1 (see 
Rgure 2) to cause the switching element; 17 to be. 
adjusted from its first position to its second posi- 

40 tion, so that the measuring chamber 11. can be 
emptied. After a fixed period of time, the switching 
element 17 is adjusted from its second position to 
its first position; this period of time is of such a 
duration that there is sufficient time for the measur- 

45 ing chamber 11 to be emptied. When the switching 
element 17 has returned to its first position, the 
measuring chamber 11 can be filled again. The 
milk level sensor 21 can also apply a control signal 
S2 to a computer 22, in which the quantity of milk 

so obtained from each udder quarter Is recorded for 
each individual cow. 

In th lower part of the measuring chamber 1 1 
there is provided a spherical body 23. When the 
measuring chamber 11 is empty, this spherical 

55 body 23 closes the aperture 24 between, the mea- 
suring chamber 11 and the separate discharge line 
8. The spherical body 23 is made of such a ma- 
terial that when the milk flows from the milk recep- 
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tacle 10 into the measuring chamber 11, it floats on 
i the milk contained therein. When the milk is forced 
from the measuring chamber 1 1 into the separate 
^discharge fine 8, the aperture 24 is closed auto- 
matically by the spherical body 23 once the mea- 
KStffimj chamber ti Is empty. A non-return valve 25 
fs arranged in the separate discharge line 8 beyond 
i the aperture 24 in the measuring chamber, per- 
• eferably as closely as possible therebeyond. Via 
: this non-return valve 25 the milk is allowed to pass 
f from the measuring chamber 11 but only under the 
; Influence of compressed air. In the opposite direc- 
| tipn, the non-return valve 25 blocks any milk flow 
which might be possible in case, for whatever 
reason, the pressure in the relevant discharge lines 
would exceed that prevailing in the measuring 
chamber 11 in front of the non-return valve 25. 
When, during the milking operation, the first ob- 
tained milk flows into the measuring chamber 11, 
then not only the measuring chamber 1 1 itself will 
be filled, but also the space in the separate dis- 
charge line 8 between the non-return valve 25 and 
the said aperture 24. By each subsequent pump 
stroke it is only the milk contained in the measur- 
ing chamber that is pumped off, so that the total 
quantity of milk as determined by the computer 
during milking for each udder quarter must be 
; Increased only once by the quantity of milk cor- 
responding to the volume of the separate discharge 
line 8 between the non-return valve 25 and the said 
aperture 24. This is, however, a constant correction 
to be entered into the computer 22 on recording of 
the quantity of milk obtained. After milking, the milk 
must also be forced from the separate discharge 
lines 8 and the common discharge line 9, i.e. into 
the circular line 5 to the milk cooling tank 6. For 
that purpose, the aperture 23 in the measuring 
chamber 11 must be free so as to allow com- 
pressed air to pass. To that end, the milk meter 7 
is fitted with a lifting magnet 26 which moves the 
spherical body 23 upwardly in response to a con- 
trol signal S3 supplied by the computer 22. 

The milk meter 7 includes a milk conductivity 
sensor 27, which sensor, preferably, is arranged in 
the measuring chamber 11. The control signal S4 
supplied by the milk conductivity sensor 27 is a 
measure of the health of the udder; in the case of 
mastitis, the conductivity of the milk is higher than 
that of (he milk obtained from a healthy udder or 
from a healthy udder quarter. The milk originating 
from an inflamed udder quarter must be separated 
off. For this purpose, the separate discharge line 8 
is provided with a three-way valve 28, through 
which the milk pumped from the milk meter 7 is 
either passed into the common discharge line 9 or, 
after it has been found that the milk originates from 
an inflamed quarter, into a receptacle 29 specially 
provided for the purpose.. The three-way valve 28 



might be operated automatically as soon as the 
signal S4 produced by the mijk cpnductivity sensor 
27 indicates a value which exceeds:^ preset value. 
It is, however, more advantageous to apply the 

s control signal S4 to the computer 22 which, taking 
account of the further conditions of the specific 
cow, supplies a control signal S5, by means of 
which the three-way valve 28 can be operated. 
In addition, the milk meter 7 is provided with a 

70 tube stop valve 30, with the aid of which the 
vacuum connection 31 can be disconnected from 
the milk meter after milking. Ouring milking, a 
vacuum prevails in the milk receptacle 10. After the 
milking procedure has ended, the vacuum must be 

ts removed, and it is not until then that the teat cups 
are removed from the teats. Prior to removing the 
vacuum from the milk receptacle 10, the vacuum 
line 31 must be closed first For that purpose, after 
a milking period preset in the computer 22 has 

20 elapsed, a control signal S6 is applied to the elec- 
tromagnet 32 of the tube stop valve 30. By means 
of the then energized electromagnet 32, a rod 33 
having a spherical end 34 is moved upwardly to 
seal the vacuum connection 31 against the fixed 

25 stop 35. With the aid of a lifting mechanism 36 
which is connected pivotably to, the rod 33, a valv 
37 in the wail of the milk receptacle 10 is drawn 
upwards simultaneously, as a result of which air 
can flow freely thereinto. 

30 The milking plant as shown schematically in 
Figure 2 includes in a customary manner a vacuum 
pump 38 having a vacuum balance tank 39 to 
increase the vacuum stability. The balance tank 39 
has a plurality of vacuum connections. A vacuum 

35 connection 31 is provided for the milk receptacle 
10 of each milk meter 7. A vacuum connection 40 
is present for each switching element 17. In addi- 
tion, a vacuum connection 41 is provided for an 
electronic pulsator system 42 for the four teat cups, 

40 In the vacuum connection 31 there is incorporated 
a throttle ring 43 to prevent fluctuations in the' 
vacuum of the various milk meters due to falling off 
of one of the teat cups. In order to be able to 
ascertain whether a vacuum is present in the milk 

45 meter, there is arranged an air flow sensor 44 in 
the vacuum connection between the throttle ring 43 
and the relevant milk meter, which sensor supplies 
the computer 22 with a control signal S8 indicating 
the presence of vacuum in the line 31. Hereby this 

so signal also forms an indication whether the teat 
cups are connected correctly. 

Figure 4 shows a longitudinal cross-sectional 
view of a teat cup; this teat cup in a customary 
manner consists of a solid, e.g. metal, sleeve 45, 

55 an inner wall 46 made of a flexible material, e.g. 
rubber, enclosed thereby, and a rubber cap 47 
which seals the space between the sleeve 45 and 
the inner wall 46 at the upper side. At the lower 
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side, the space between the sleeve 45 and the 
inner wall 46 Is sealed by a sealing ring 48, while 
at some distance fliereabove there is provided be- 
tween the sleeve 45 and the inner wall 46 a ring 49 
having an aperture 50. Between the sealing nng 48 
- and the ring 49 there is located a space, in which 
the electronic pulsator system 42 produces through 
the line 52 and via an aperture 51 a pulsating 
vacuum, thereby effecting in the space between 
■the sleeve 45 and the inner wall 46 a pulsating 
vacuum which causes the inner wall 46 to close 
firmly around the teat, when the teat cup is con- 
nected thereto, or causes the inner wall to move 
• outwards again, whereby is obtained the rhythmic 
" movement around the teat as required for the milk- 
' ing operation to be performed. In order to function 
*as a buffer for the milk to be collected and to 
' minimize the fluctuations in the vacuum under the 
teat there is provided in the lower part of the teat 
cup 2 a buffer space 53. in which a relativaly 
narrow air suction aperture 54 is made for the milk 
transport. The line 3. intended for the discharge of 
the milk to the milk meter 7. is connected to this 
buffer space 53. In addition, the buffer space 53 
contains a fixed element 55. which element. partly 
projects into the aperture between the teat space 
and the buffer space 53 to ensure that the milk 
flows gradually into the buffer space 53 and a 
splitting of the milk is prevented. At the upper end 
of the fixed element 55 a sensor can be provided 
to perform a temperature measurement. The tem- 
perature of the milk indicates the body temperature 
of the cows to be milked; the latter temperature is 
higher than normally with cows in heat and with 
sick cows. . 

In order that the milk line system can be nnsed 
f once the milking operation has been completed, it 
must include an arrangement for effecting this step. 
"To that end, there is provided a rinse fine system 
" which is constituted by a rinse fluid container 56 
having a valve 57. a first rinse line 58. a rinse jetter 

59 which can be fitted around the end of the teat 
cup 2 In a fluid-tight mariner, the teat cup 2. the 

<■ line 3. the milk meter 7. the separate discharge line 
- 8. the common discharge line 9. a three-way valve 

60 incorporated therein and a second rinse line 61. 
In its first position, the three-way valve 60 admits 
milk from the common discharge line 9 into the 
circular line 5. and. in its second position, rinse 
fluid from the common line 9 into the second nnse 
line 61. After the milking, a rinse command can be 
deliv red by the computer 22 which, to that end, 
applies a control signal S7 to the three-way valve 
60 to adjust same to the appropriate position. Prior 
to starting the rinsing step after the milking opera- 
tion has ended, the discharge lines must first be 
freed from milk. This is effected by passing com- 
pressed air through the measuring chamber 11, as 



a result of which th spherical body 23 is pushed 
upwardly and the aperture 24 is. released. In front ^.r 
of the three-way valve 60 there is incorporated in 
the common discharge line 9 an air-miik sensor 62. 
s which sensor applies a control signal S9 to the 
computer, on the basis of which control signal the 
computer can establish when there Is no longer 
any milk present in the common line - compressed 
air then passing the air-milk sensor 62 instead of 
,o milk - so that the valve 60 can be adjusted for the 
rinsing procedure. Due to the vacuum in the milk 
receptacle 10. the rinse fluid is sucked from the 
rinse fluid container 56 through the first rinse line 
58. the rinse jetter 59. the teat cup 2 and the line 3 
,s to the milk receptacle 10. from where it flows into 
the measuring chamber 11. whereafter It is 
pumped therefrom in the same manner as the milk 
and is fed back via the separate discharge line 8. 
the common discharge line 9, the three-way valve 
so 60 and the second rinse line 61 to the rinse fluid 
container 56. . ; 

In the common discharge line 9 there is ar- 
ranged in front of the three-way valve 60 incor- 
porated therein a heat exchanger 63 as a pre- 
25 cooler for the milk cooling tank. B . ■ ■ 

In customary manner, the milk cooling tank 6 is 
incorporated in the circular line 5. to which via 
relevant three-way valves 60 the common dis- 
charge lines of the individual milk meters 7 are 
30 connected. A pump 64 is incorporated in the cir- 
cular One 5. This pump can operate at at least two 
different speeds. In order to keep the milk in mo- 
tion and to prevent milk residues from being d - 
posited in the circular line 5. the milk is circulated 
as at a relatively low speed from the milk cooling tank 
6 through the circular line 5. Preferably, in this 
connection, the circular line 5 Is thermally insu- 
lated. Usually, the milk cooling tank 6 Is emptied a 
few times a week, whereafter it can be rinsed. A 
40 rinsing fluid can be introduced into the milk cooling 
tank 6 via a valve 65 and a spray nozzle 88. When 
the spray nozzle 66 is arranged capably of moving, 
it can cover the entire inner surface of the milk 
cooling tank 6. The rinsing fluid is circulated by the 
45 pump in the circular line at a relatively high speed 
and is ultimately discharged via a three-way valve 
67. Also here, the valves 65. 67. the spray nozzle 
66 and the pump 64 can be controlled from the 
computer 22. „ 
so Although in Figure 2 they are shown as b ing 
single, several elements are provided In fourfold; In 
particular this holds for the rinse jetter. the teat cup 
and the milk meter, as well as for the lines con- 
nected thereto and the elements incorporated 
ss therein (valves and sensors). Preferably, the four 
milk meters are combined into one single milk 
measuring device. 
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Claims 

A milking plant for milking cows, which plant 
comprises teat cups (2) that are connectable to the 
respective teats of a cow's udder, while the milk 
obtained from each udder quarter with the aid of 
the said teat cups (2) can be conveyed through a 
separate line (3) to a milk measuring device (4) r 
characterized In that the milk measuring device (4) 
includes four milk meters (7). whose separate dis- 
charge lines (8) are coupled to a common dis- 
charge line (9) terminating in a milk cooling tank 

m u 

in 2/ A milking plant as claimed in claim 1, char- 
acterized in that a milk meter (7) includes a milk 
receptacle (10) and a measuring chamber (11), in 
which connection the milk flows under a vacuum 
from the milk receptacle (10) into the measuring 
chamber (11) and is pumped in defined quantities 
by means of compressed air from the measuring 
chamber (11) into the relevant, separate discharge 
line (8). 

; -* 3. A milking plant as claimed in claim 2, char- 
acterized in that the air sucked along by the vacu- 
um together with, the milk from the relevant teat 
cup (2) is separated therefrom In the milk meter 
(7);- 

4. A milking plant as claimed in claim 1 or 2, 
characterized in that the milk meter (7) is provided 
with a valve rod (12) which, in a first position under 
a vacuum, leaves the aperture (13) between the 
milk receptacle (10) and the measuring chamber 
(11) open, and, in a second position by means of 
compressed air, closes same. 

5. A milking plant as claimed in claim 4, char- 
acterized in that there is provided a switching ele- 
ment (17), with the aid of which, in a first switching 
position thereof, the vacuum is applied to cause 
the valve rod (12) to be adjusted to its first position, 
and, in a second switching position thereof, com- 
pressed air is admitted to cause the valve rod (12) 
to be adjusted to its second position. 

6. A milking plant as claimed in claim 5, char- 
acterized in that the measuring chamber (11) is 
provided with a milk level sensor (21), by means of 
which it is established when a defined quantity of 
milk is contained therein, after which it supplies a 
control signal (S1) to cause the switching element 
(17) to be adjusted from its first position to its 
second position. 

7. A milking plant as claimed in claim 5 or 6, 
characterized in that the switching element (17) is 
adjusted from its second position to its first position 
after a fixed period of time. 

8. A milking plant as claimed in claim 6, char- 
acterized in that, each time when a defined quan- 
tity of milk has been established in the measuring 
chamber (11), the milk level sensor (21) supplies a 



control signal (S2) for a computer (22), in which the 
quantity of milk obtained from each udder quarter 
is recorded for each individual cow. : # 

9. A milking plant as claimed Jn any one of 
5 claims 2 to 8, characterized in that the measuring 

chamber (11), when empty, is closed by a spheri- 
cal body (23). 

10. A milking plant as claimed in claim 9, 
characterized In that, when the milk flows from the 

jo milk receptacle (10) into the measuring chamber 
(11), the spherical body (23) floats on the milk 
contained therein. 

11. A milking plant as claimed in claim 9 or 10, 
characterized in that the milk meter (7) is provided 

is with a lifting magnet (26) for establishing a connec- 
tion between the closed measuring chamber (11) 
and the discharge lines (8) by displacing the 
spherical body (23), when any residual milk must 
be removed by compressed air. 

20 12. A milking plant as claimed in any one of 
the preceding claims, characterized in that each 
milk meter (7) of the milk measuring device (4) is 
provided with a milk conductivity sensor (27). 

13. A milking plant as claimed in claim 12, 
as characterized in that a separate discharge line (8) 

Is provided with a three-way valve (28), through 
which the milk pumped from a relevant milk meter 
(7) is either discharged into the common discharge 
line (9) or. after it has been found that the milk 
ao originates from an inflamed quarter, into a recepta- 
cle (29) specially provided for the purpose. 

14. A milking plant as claimed in claim 13, 
characterized in that the milk conductivity sensor 
(27) applies a control signal (S3) to a computer, in 

os which it is determined whether or not the relevant 
milk originates from an inflamed quarter, after 
which, when the former appears to be the case, the 
computer (22) supplies a control signal (S5) to the 
three-way valve (28) in the relevant separate dis- 

40 charge line (8) in order that the milk in question is 
discharged to the receptacle (29). 

15. A milking plant as claimed in any one of 
the preceding claims, characterized in that a milk 
meter (7) is provided with a tube stop valve (30). 

45 with the aid of which the vacuum connection is 
disconnected from the milk meter (7) after milking. 

16. A milking plant as claimed in claim 15, 
characterized in that, after a preset milking period 
laid down in a computer (22) has ended, the tube 

so stop valve (30) is activated by a control signal (S6) 
supplied by the computer (22). 

17. A milking plant as claimed in claim 15 or 
16, characterized in that the tube stop valve (30) 
includes a lifting mechanism (36) to admit air into 

55 the milk meter (7) simultaneously with or imme- 
diately after closure of the vacuum connection of 
th miik meter (7). 

18. A milking plant as claimed In any one of 
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the preceding claims, which plant includes a vacu- 
um pump (38) and a vacuum baianc tank (39) to 
increase the vacuum stability, characterized in that 
the vacuum connection from the balance tank (39) 
to a milk meter (7) includes a throttle ring (43), 

19. A milking plant as claimed in clam 18, 
characterized in that, in order to ascertain whether 
a vacuum is present, the vacuum connection be- 
tween the throttle ring (43) and the milk meter (7) is 
provided with an air flow sensor (44). 

20. A milking plant as claimed in any one of 
the preceding claims, characterized in that at the 
Jower end of a teat cup (2) there is provided a 
buffer space (53) for the milk transport and for 
"counteracting fluctuations in the vacuum under the 
teat to which the teat cup (2) is connected. 

21. A milking plant as claimed in claim 20, 
characterized in that the buffer space (53) contains 
a fixed element (55), which partly projects into the 
aperture between the teat space of the teat cup (2) 
and the buffer space (53) to ensure that the milk 
flows gradually into the buffer space (53). 

22. A milking plant as claimed in claim 20 or 
21 , characterized in that a teat cup (2) is provided 
with a sensor to establish the milk temperature. 

23. A milking plant as claimed in any one of 
the preceding claims, characterized in that the 
common discharge line (9) is provided with a three- 
way valve (60), through which in a first position 
thereof the milk is passed via the common dis- 
charge line (9) to the milk cooling tank (6), while in 
its second position the three-way valve (60) estab- 
lishes a rinse line system. 

24. A milking plant as claimed in claim 23, 
characterized in that the rinse line system includes 
a rinse jetter (59) which, for the purpose of flushing 

'the lines, is connected to a teat cup (2). while a 
: rinse fluid is passed by the vacuum in a milk meter 
(7) from a rinse fluid container (56) through a first 
T rinse line (58) to the rinse jetter (59) and from 
there, via a teat cup (2), into the relevant milk 
meter (7), whereafter the rinse fluid is returned 
through the relevant separate discharge line (8), the 
common discharge line (9), the three-way valve 

(60) incorporated therein, and a second rinse line 

(61) to the rinse fluid container (56). 

25. A milking plant as claimed in any one of 
the preceding claims, characterized in that the milk 
cooling tank (6) is included in a circular line (5), to 
which the common discharge lines (9) of the in- 
dividual miik meters (7) are connected. 

26. A milking plant as claimed in claim 25, 
charact rized in that the circular line (5) is provided 
with a pump (64) for circulating the milk from the 
milk cooling tank (6) therethrough. 

27. A milking plant for milking cows, which 
plant includes a milk cooling tank (6), characterized 
in that the milk cooling tank (6) is included in a 



circular line (5), to which the discharge lines (9) of 
the individual miik meters (7) are connected/ ^" w 

28. A milking plant as claimed : ip claim 26 or 
27, characterized in that the milk codling tank (6) is 

s provided with a rinsing fluid supply line, through 
which, after all the milk has been removed from the 
milk cooling tank (6), a rinsing fluid can be ad- 
mitted into the milk cooling tank (6), which rinsing 
fluid is circulated through the circular line (5) by 

to means of the pump (64). 

29. A milking plant as claimed in claim 28, 
characterized in that the pump (64) can operate at 
two speeds, the milk being circulated at a relatively 
low speed and the rinsing fluid at a relatively high 

is speed. 

30. A milking plant as claimed in claim 28 or 
29, characterized in that a three-way valve (67) is 
incorporated in the circular line (5), by means of 
which the circulating rinsing fluid can be dis- 

20 charged. 
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© Proc§d6 pour Identifier et numSriser les ceiluies 
contenues dans du lait caracterise en ce qu'il 
consiste; 

- a prelever une quantite detemnfnde d'un echantillon 
d'un lait & analyser ; 

- a cotorer les cellules presentes dans cet Echantil- 
lon par un colorant fluorescent specifique de I'ADN 
contenu dans le noyau desdites cellules ; 

- £ faire defiler cet echantillon colors dans un tube 
capiliaire (13) sur lequei est dirige un faisceau lumi- 

*-neux stabilise ; 

& recueillir sur un capteur una partie au moins du 
rayon lumineux transmis, donnant une premiere in- 
formation, representative du nombre de ceiluies qui 

IDdefilent; 

1^- a traiter cette information ; 
OJ- et enfin, & restituer au moins une valeur represen- 
fOtative de la qualite du lait analyst. 
q Application : diagnostic de la mammite chroni- 
que chez les vaches. 

0. 
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PROCEDE ET DISPOSITIF D'lDENTIFICATlON ET DE NUMERISATION DE CELLULES DANS DU LAIT. 



;■; h La presente invention conceme un procede 
pour d&ecter et numeriser les cellules presentes 
dans du lait et notamment dans du lait do vache. 
Elle concerne 6galement le dispositif mettant en 
beuvre ce procede. 

/<f -Les produits alimentaires d'origine animate 
sont soumis k un controle veterinaire qui. au fur et 
a mesure des progres de la recherche scientifique, 
tendent k s'fntensifier. afin de proposer au consom- 
mateur des produits de qualite. 
: Les produits laitiers sont particulierement sou- 
mis k ces controles, du fait de leur propension a 
rapidement s'alterer. Parmi ceux-ci, le lait de va- 
che, tres largement consomme, subit des examens 
vetSrinaires systematiques. notamment en vue de 
reveler la presence en nombre relativement impor- 
tant de cellules, d'origine epitheliale en phase de 
desquamation et en voie de lyse. mais Egalement 
d'origine inflammatoire, tels que des lymphocytes 
et autres leucocytes, revelatrices de pathologie de 
la vache concernee, et notamment de mam mites 
chroniques. 

Cette infection, bien que sans grande inciden- 
ce sur Petat general de la vache. rend le lait tout a 
fait impropre k la consommation. De fait, un depis- 
tage systematique de cette infection est realise sur 
le lait Ce depistage peut etre effectue a differents 
niveaux, soit par !e producteur des que la traite est 
effectuee, soit par des services veterinaires, soit 
par les laiteries ou les industries de transformation. 
. ' A ce jour, on utilise deux types de techniques . 
La premiere consiste en une appreciation approxi- 
mative du nombre de cellules contenues dans un 
echantillon, a Paide d f un detergent, du type connu 
sous la marque deposee TEEPOL, ou d'un indica- 
teur colorimetrique. La deuxieme technique, utilisee 
par les professionnels, consiste en un comptage 
des cellules soit de fagon manueile.impliquant la 
presence de personnel specialise, soit de fagon 
automatisee au moyen d'un materiel approprie, qui 
ne peut helas differencier les cellules entieres des 
debris cellulaires, et qui de plus demande un eta- 
lonnage manuel prealable sur au moins deux 
echantillons. 

Parmi ces differentes methodes. HAGELTORN 
et ai ont propose (voir BIOLOGICAL ABSTRACTS, 
vol. 82. n° 12.1986. page AB-458, & AM. J. 
VET.RES., 47(9), pages 2012-2016, 1986) un pro- 
cede apte k identifier des cellules contenant dans 
de PADN ou acide desoxyribonucleTque, que de 
TARN ou acide ribonucleTque, marquees prealable- 
ment de maniere spBcifique au moyen d f un colo- 
rant supravital, I'Acridine Orange. Cette identifica- 
tion est realisee grace a une localisation geogra- 
phique des differentes populations cellulaires re- 



pertories sur un diagramme de repartition, obtenu 
aprfes analyse en cytometrie de la taille et de la 
densrte desdrtes cellules. Ce proceed vise plus 
sp^cifiquement k determiner les exc&s de ces di- 

s verses populations cellulaires par rapport k des 
donnees standard, repertories dans des banques 
de donnees, qu'a realiser un comptage cellulaire 
des echantillons etudes. Ces excls obtenus de 
mani&re relative, ne permettent pas d'aboutir a des 

10 valeurs absolues, qui seules sont reeliement repre- 
sentatives de la qualite du lait analyse. En outre, 
pour le colorant spScifique utilise, la coloration 
stoechiometriques sur PADN et sur TARN n'est 
obtenue que pour des conditions operatoires stric- 

15 tes, done incompatibles avec une technique auto- 
matisee. II est done inutilisabie dans le cadre 
d'analyse pour lesquelles la totalite des cellules, 
tant mortes que vivantes doivent etre prises en 
compte, et notamment, dans le cas du depistage 

20 systematique des mammites chroniques.Enfin, 
comme deja dit, ce procede reposant sur la com- 
paraison avec des donnees de base, prdalabiement 
integrees, suppose une connaissance approfondie 
du domaine considere, et demande done un per- 

25 sonnel qualifie pour sa mise en oeuvre. 

On a £ga!ement propose dans (e brevet US-A- 
3679365 une methode de comptage des cellules 
somatiques dans le lait, consistant a colorer preaia- 
blement la totalite de Pechantilion de lait a analy- 

30 ser. De la sorte, et afin de pouvoir realiser le 
comptage ultSrieur, une 6tape supplemental dite 
de "clarification", destinee a faire eciater les globu- 
les lipidiques au moyen d'un agent tensio-actif est 
rendue necessaire, accroissant de fait la duree des 

35 analyses . 

On a egalement propose une methode plus 
specifiquement destinee a Identification de bacte- 
ries, et reposant sur le principe de la fluorometrie. 
Cette methode. decrite par exemple par SHELLY et 

40 al dans CLINICAL CHEMISTRY, vol.29, n° 2. 1983, 
pages 290-296, consiste a faire subir a un Echantil- 
lon une double coloration, a Porigine d'une double 
fluorescence, dont le rapport relatif mesurS et ana- 
lyse permet de remonter au type de bacteries. Ce 

45 procede suppose done la connaissance prealable 
des rapports reiatifs de fluorescence de chaque 
type de bacterie, et done corollairement, ne peut 
etre employ^ que par du personnel qualifie. En 
outre, si certes, Identification des bacteries est 

so obtenue de maniere relativement precise, en revan- 
che, cette methode s'avere impropre pour la nume- 
risation cellulaire, et done pour le depistage des 
mammites chroniques. objet principal de Inven- 
tion. 

La presente invention vise a pallier ces incon- 
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a ,o«* sie vise un precede et un dlspositif apte 

stabilise ; ^ - au mo j ns <ju 

. a recueillir sur un capteur une parue « 

'•»-■"*•* 

!S» — r vateur reprfse "' 

En d'autres tames. » presents ' 

nue dans .edit ecbantiilon. 

Avantageusement. en pratique . 

. lorTde iaV' da . « J 

faction enzymaaque •P* all *V. „, lutes , puis 

. au moins una parte du "V™ , 

ri»=^ir^da 

la taiUe desdites cellules : 

du lait analyse; 



' ^^IS'Sdui, dans I. -au a 

t \£SZSXS*" rase.— * 
, lure Same et dans robteudU pendant au moms 

- un rayon lumineux stabilise 
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<te S informations Issues dudit capteu, . 
funSanad'atBohaoeo.Joadlrnpress.on.: 

Avantageusement. en pratique: 

Ts^eme a prassion ditSrer,** -> 
* KaSJa anaWser s'ecoule dans ur, cap.»a»e 

-t"maSar^~"P^« Wrt r e , 
La manrere oont nKsortiront 

*• * deCmpleTe qui suit, donna a 

" STt^TSS. MM a rappui das agures 

M * "l^S^ 2 at 3 »P*«** « 

Les> uyuio*» . U ' c x savoir debnts 

ffllondaMdavanteW^esttout^abord 
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'pgchantillon, et ce environ une vingtaine de minu- 
jt s dans un milieu hypotonique, tel que du citrate 
cter sodium 0.1% . en prSsenc d'un agent tensio- 
iactif (telle que du Triton (Marque DSposee)). La 
: concentration de ce dernier est de Pordre de 0,1 % 
eri volume. On inclut egalement dans ce melange 
Mach'onnei un colorant fluorescent dont la caracte- 
tistique essentielle est de se fixer specifiquement 
sur i'Acide Desoxyribo NuciSTque (ADN) contenu 
daons le noyau des cellules et ce. de maniere 
itbecWomStrique. On choisit pour cela de I'iodure 
de 'propidium connu pour cette application. Afin 
cl'etre sOr que la totality de PADN soit colore, on 
ajqute Piodure de propidium en exces. 
* Afin de ne pas exciter les molecules d'iodure 
tie propidium. on realise cette incubation a Pabri de 
la:Iumi&re. 

;i:V. L'agent tensio-actif permet une lesion des 
rhembranes cellulaires permettant une penetration 
de Piodure de propidium au niveau de PADN nu- 
cleate. 

De manfere connue, toutes les cellules non 
tumorales d'une meme espece contiennent la 
meme quantite d'ADN. De la sorte, la quantite de 
fluorescence mesuree uiterieurement constitue une 
donnee absolue quant h la quantity de cellules 
analysees. 

Afin d'assurer une mesure analytique de 
pechantillon de lait a analyser, on a recours a un 
systeme de venturi a pression differentielle en liai- 
son avec un capillaire permettant la creation d f un 
courant laminaire de dimensions tres reduites dudrt 
echantillon, destine h etre place, sous la forme 
d'un flux monocellulaire, sur le chemin optique du 
dispositif de mesure decrit uiterieurement Pour ce 
faire, on fait appel au dispositif represente au sein 
de la figure 1. Ce dispositif comprend une unite 
d'analyse dont I'element essentiel est Porgane 
d'dcoulement de Pechantillon. Ce dernier com- 
prend fondamentalement une cellule de lecture 
realisee en quartz apte a permettre la transmission 
d'un faisceau lumineux, notamment d'un faisceau 
laser. Les parois de cette cellule de lecture sont 
avantageusement planes et paraileles. afin de dimi- 
nuer les eventuels ph^nomenes de reflexion par- 
tielie ou totale. 

Une pompe k air (5), comprimant Pair exterieur 
prealablement fiitre (6), et munie d'un rSgulateur de 
pression (7) permet d'envoyer le fluide porteur 
depuis son reservoir (8) jusqu'a la cellule de lectu- 
re (3), le dit fluide porteur, en Poccurence de Peau 
permutee etant egalement fiitre (9), notamment 
avec un fiitre sterilisant, avant son introduction 
dans la chambre (12) du venturi. En parallele, une 
bbucle de controle fermee (10), regule la pression 
differentielle permettant a I'echantillon de lait (2) de 
passer par Pintermediaire d'un tube capillaire (4) 
dans la cellule de lecture (3). Les parois de la 



chambre (12) du venturi convergent au niveau de 
la cfrte cellu! de lecture (3). afin de former a ce 
niveau un capillaire (13). C'est dans rge capillaire 
(13) qu'est concentre le spot du faisceiu lumineux 
5 utilise pour le systfeme de mesure ef dScrit uite- 
rieurement 

Pour completer Punite de traitement (1) ainsi 
definie, on munit Pensemble d'un reservoir (11) 
•3cueillant I'echantillon et le fluide support aprfes 

io analyse. 

Le systfeme de mesure conforme & ('invention 
comprend essentiellement un laser & Argon de 15 
milliwatts, produisant un faisceau stabilise de lon- 
gueur d'onde bien determinee egale a 488 nm. Le 

15 faisceau Laser ainsi produit est soigneusement col- 
limate par tout organe approprie et focallse au 
niveau du capillaire (13) de la cellule de lecture (3). 
La longueur d'onde du faisceau laser produit tombe 
avantageusement au voisinage du maximum d'ab- 

20 sorption de Piodure de propidium, utilise pour colo- 
rer PADN cellulalre. Lorsque ce dernier est excite, il 
reemet une radiation d'rte de fluorescence de lon- 
gueur d'onde bien connue et egale & 620 nm. 
Cette radiation de fluorescence est dStectee au 

25 moyen d'un capteur constitue essentiellement d'un 
photomultlplicateur, mesurant Pintensite du radia- 
tion emise selon un signal U , et de fait, la quantite 
d'ADN s'etant ecoule devant le faisceau laser. Cet- 
te derniere grandeur permet de remonter au nom- 

30 bre de cellules ayant transite par le capillaire (13), 
car comme dSja dit, la quantite d'ADN ceilulaire est 
une constante constituant de ia sorte un quantum 
de repere. II est a noter qu'il existe toutefois un 
petit nombre ce cellules en phase de mitose. De 

35 fait, leur quantite d'ADN est double par rapport aux 
cellules en interphase. 

II va de soi que pour parvenir a une precision 
suffisante, le capillaire (13) doit avoir des dimen- 
sions suffisamment reduites afin de n'autoriser 

40 pecoulement simultane que d'un nombre trfes limite 
de cellules, pour que la totalite des cellules emette 
une radiation de fluorescence via I'iodure de propi- 
dium. 

L'information h ainsi obtenue est en elle-meme 
45 necessaire et suffisante pour estimer la quaiite du 
lait Toutefois, afin de disposer d'elements supple- 
mentaires depreciation, on procfede a d'autres 
mesures. Ainsi, une partie du faisceau laser est 
diffractee par les cellules selon une grande variete 
so d'angles par rapport a Paxe optique defini par le 
faisceau lui-meme. On place de fait a 90 degres 
par rapport a cet axe optique un second capteur, 
constitue par une photodiode, afin de delivrer un 
signal k utilisable. Ce signal la est representatif de 
55 la densite des cellules s'ecoulant dans le capillaire 
(13). 

On place aussi a environ 10 degres de Paxe 
optique defini precedemment un troisieme capteur, 
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egalement constituS par un photomultiplicateur, et 
d&ectant une partie du faisceau laser diffracte par 
les c Utiles. Les informations detectees & ce niveau 
correspondent h une partie du faisceau laser ayant 
ete diffractee lors de la traversee des cellules par s 
ledit faisceau. De la sorte. Information l 3 que ce 
capteur restltue est representatif de la taille des 
dites cellules. 

De la sorte, on dispose d'au moins trois infor- 
mations li, b et h corresfiondant respectivement 10 
au nombre, k la taille et & la density des cellules 
s'ecoulant dans le capiliaire (13). 

Ces informations sont traces au moyen d'un 
microprocesseur susceptible d'effectuer une selec- 
tion parmi les Informations transmises, en fonction 75 
de paramStres introduits dans le dit microproces- 
seur par Tutilisateur. 

II est par exemple nScessaire dans la determi- 
nation du nombre de cellules par unite de volume 
de lait, de s'affranchir des cellules non entieres. II 20 
suffit dans ce cas de fixer un seuii pour la fluores- 
cence.en dessous duquel les entitss detectees ne 
sont pas comptabillsSes comme des cellules, mais 
comme des debris, d'origine cellulaire. Ce seuii est 
tres facilement determine. II correspond en effet. a 25 
la quantite de fluorescence equivalent?, dans le 
cas du lait. done des mammiferes a la quantite 
d'ADN contenue dans le stock diploide des 2n 
chromosomes. De fait, toutes les entitss, dont Pin- 
tensite de fluorescence depasse ce seuii sont des 30 
cellules entieres. Dans les figures 2 et 3. on a 
represent par Si ce seuii. On observe sur ces 
courbes, un pic tres marque, correspondant aux 
ceilules entiferes en interphase. La determination de 
la quantite d'ADN au dessus de ce seuii permet 35 
done d'obtenir avec precision !e nombre de cellu- 
les entieres, aux cellules eri cours de mitose pr&s. 

Comme d£ja dit, toutes les entites dont le 
signal de fluorescence apparait en dessous du 
seull Si sont des debris cellulaires. ^ « 

De manifere avarttageuse. le rapport des debris 
cellulaires sur la quantity d'ADN totale et le rapport 
des cellules entieres sur la quantite d'ADN totale 
sont determines, afin de donner avec une plus 
grande precision P6tat pathologique de I'animal 45 
concerne. 

De meme, la differentiation entre particules 
cellulaires et non cellulaires (par exemple globules 
lipidiques, trfes nombreux dans le cas du lait) s'ef- 
fectue, dans le cas de mesure de fluorescence so 
directe, par la selection d'une plage d'intensite 
correspondant k la quantite connue d'ADN cellulai- 
re. 

De la sorte, on obtient une valeur representati- 
ve de la qualite du lait analyse, sous la forme d'un 55 
nombre de cellules par unite de volume, voire d'un 
graphique materialisant les diffSrentes informations 
mesurSes. tels que ceux represents au sein des 



figures 2 et 3, et ce au moyen de tout prgane cle 
restitution sensorielle appropriee, tel que par exem- 
ple un ecran et/ou un imprimante. :;p ^ 

L'utitisateur est done & meme de determiner 
rapidement la qualite de son lait. De fait, les litiges 
potentiels entre producteurs et laiteries, ou entre 
laiteries et consommateurs peuvent etre largement 
diminues, la resultante generate conduisant & 
I'amSlioration de la qualite du lait 

Dans une mise en oeuvre avantageuse de In- 
vention, il est possible de procfSder & une colora- 
tion multiple, en faisant appel a des colorants bien 
specifiques, et ce, en vue d'obtenir la population 
de ou des differents types cellulaires contenus 
dans le lait, a savoir, par exemple, les polynucleai- 
res, les lymphocytes, les macrophages ou mono- ; 
cytes et les cellules epithSliales. * 

Pour ce faire, on a recours k une' reaction : 
enzymatique propre & chacune desdites especes. 
En d'autres termes, on fait reagir, lors de 1'etape de 
coloration, un substrat d'une enzyme specifique 
contenue dans I'espfece dont on desire mesurer la 
population. 

Par exemple, lorsque Ton desire connatore, ou- 
tre la population totale en cellules d'un echantiUon 
de lait, la population particuliere en polynucldaires, 
on adjoint k I'iodure de propidium du phosphate de 
methyl fluoresced, ce dernier reagissant specifi- 
quement avec lesdits poiynucleaires. 

Le processus de ('analyse est alors rigoureuse- 
ment le meme que celui precedemment decrit, & 
savoir phase d'excitation & 488 nm, seule la phase 
de lecture s'effectuant & une longueur d'onde de 
520 nm. 

De la sorte, les resultats obtenus permettent de 
preciser la quantite relative de poiynucleaires, don- 
nee particulierement interessante pour etablir un 
diagnostic, notamment, lorsque le seuii fixe a 500 
000 cellules par millilitre n'est pas atteint. : 

Ainsi. le procedS conforme & invention 
permet-il d'une part une numerisation des diffe- 
rents constituants cellulaires du lait par des colo- 
rants specifiques tel I'lodure de propidium et tous 
ses equivalents, et d'autre part, une caractfrisation 
des cellules comptees au moyen d'un marquage 
enzymatique specifique d'un type cellulaire avec 
des substrats fiuorescents. : 

Enfin, ('utilisation du cadrage des plages cellu- 
laires pr<§sentant des differences de taille et/ou de 
nature permet d'ameiiorer sensibiement ia preci- 
sion du diagnostic. 



Revendications 

1/ Procede pour identifier et numSriser les cel- 
lules contenues dans du lait caracterlse en ce 
qu'il consiste : 
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$ k pnSlever une quantity determines d'un echantil- 
Ion d'un lait k analyser ; 

i k colorer les cellules presentes dans cet echantil- 
Iprr par un colorant fluorescent spidfique de I'ADN 
'(j&ide : desoxyribonucleTque) contenu dans fe 
noyau desdites cellules ; 

& fair© defiler cet echantillon colore dans un tube 
capHIalre (13) sur lequel est dirige un faisceau 
. lumineux stabilise ; 

- k fecueillir sur un capteur une partie au moins du 
rayon lumineux transmis a travers Is flux de 
rechantillon s'ecoulant dans le tube capillaire (13) 
pour donner une premi&re information Ii significati- 
ve d© la quantite d'ADN, done du nombre de 
cellules qui d^filent; 

-k transmettre ladite information Ij a une unit§ de 
traitement ; 

- et enfin, k restituer au moins une valeur represen- 
tative de la qualite du lait analyse. 

r. ■ 2/ Procede selon la revendication 1 , caracterise 

- en ce que, lors de la phase de coloration, on 
ajoute en outre un autre colorant fluorescent, apte 
k induire une reaction enzymatique specifique 
d'une famille des constituants contenus dans lesdi- 
fes cellules ; 

- et en ce que, Con recueille sur un capteur, partie 
du- rayon lumineux transmis a travers le flux de 
rechantillon s'ecoulant dans le tube capillaire (13) 
pour donner une information, representative de la 
quantite de la dite famille de constituants celfulaire 

3/ Precede selon la revendication 1, caracterise 
en ce que, simultanement on recueille sur des 
capteurs, respecth/ement : 

- une partie du rayon lumineux diffracte a 90 # de 
I'axe optique defini par le faisceau lumineux initial 
pour donner une seconde information h, significati- 
ve de la densite desdites cellules ; 

- au moins une partie du rayon lumineux legere- 
ment diffracte au voistnage de I'axe optique, pour 
donner une troisieme information I3, significative de 
la taille desdites cellules ; 

les dites informations I2 et Is etant aJors transmises 
k la dite unite de traitement puis restituees sous 
forme de valeur(s) representative(s) de la qualite 
du lait analyse. 

4/ Proc§d6 selon Tune des revendications 1 a 
3, caracterise en ce que simultanement a la colora- 
tion, on ajoute au lait un milieu hypotonique t 
destine k lyser la membrane cellulaire, et un deter- 
gent tensio-actif destine a permeabiliser la mem- 
brane nucleaire afin de permettre la penetration du 
colorant fluorescent destine a venir se fixer sur 
I'ADN. 

5/ Procede selon la revendication 4, caracterise 
en ce que I'agent tensio-actif est introduit dans le 
milieu k raison de 0.1 % en volume, et I'agent 



hypotonique est du citrate de sodium k raison de 
0,1 % en rapport Poids/Volume. .. 

6/ Procede selon Tune des revendications 1 k 

5, caracterise en ce que le colorant fluorescent 
5 specifique de I'ADN est de Piodure de propidium, 

introduit en exc&s par rapport k la quantity d'ADN . 
11 Proced£ selon Tune des revendications 1 a 

6, caracterise en ce qu'on letsse incuber le milieu 
reactionnel a temperature ambiante et Si I'abri de la 

ro lumifere pendant au moins vingt minutes . 

8/ Procede selon Tune des revendications 1 k 

7, caracterise en ce qu'on fait £couler le milieu 
reactionnel au moyen d'un venturi (5,7,8,10,12) k 
pression differentielle. 

75 9/ Procede selon Tune des revendications 1 k 

8, caract6rls£ en ce que le faisceau lumineux stabi- 
lise est un faisceau laser. 

10/ Dispositif pour la mise en oeuvre du prece- 
de selon Tune des revendications 1 a 9, caracterise 
ao en ce qu'il comprend : 

- un laser stabilise ; 

- une unite d'analyse (1) constitute par : 

. une cellule de lecture (3) realisee en quartz, 
situee sur le trajet optique du faisceau laser ; 

25 . un systerne k pression differentiate destine k 
permettre le passage dans ladite cellule de lecture 
(3) de Techantillon de lait a analyser (2) ; 
. un reservoir (11) destine a recueillir rechantillon 
apres analyse ; 

30 - un laser stabilise ; 

- trois capteurs optiques, dqnt deux sont munis 
d'un photomultiplicateur ; 

- un microprocesseur apte k assurer le traitement 
des informations issues dudit capteur ; 

35 - un organe d'affichage et/ou depressions. 

11/ Dispositif selon la revendication 10, carac- 
terise : 

- en ce que les capteurs sont constituts par des 
photocfiodes ; 

40 - en ce que I'echantillon a analyser (2) s'Scoule 
dans un capillaire (13) au sein de la cellule de 
lecture (3) ; 

- et, en ce que le systfcme k pression differentielle 
est constitue par un venturi 

45 
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